Workers in coke oven plants have a higher incidence of lung cancer than the general population (1) (2) (3) (4) (5) . They are exposed to a variety of chemicals, in particular polycyclic aromatic hydrocarbons (PAHs), including benzo[a]pyrene (BaP) . PAHs are annulated benzene ring compounds formed from the incomplete combustion of organic matter. Coke oven workers are considered a model population for validating PAH-DNA adducts as a marker of biologically effective dose (6, 7) .
The pathogenesis of cancer development from PAH exposure may be a multifactorial process. In humans, chromosomal aberrations (sister chromatid exchanges) have been observed in peripheral blood lymphocytes of psoriasis patients undergoing treatment with coal tar applications to their skin (8) . These patients also excrete PAHs in urine, and urinary PAH levels and chromosomal aberrations can be correlated with the dose of coal tar.
PAHs, known to have carcinogenic activity, also exert immunosuppresive action in experimental animals (9) . The immunotoxicity and carcinogenic properties of major PAHs, 7,1 2-dimethylbenzanthracene, BaP, and 3-methylcholanthrene, have been well documented (5) . In mice, dimethylbenzanthracene, BaP and methylcholanthrene suppress antibody production to both T-dependent and T-independent antigens (10) . These agents appear to exert their immunosuppressive activity by altering B-cell maturation or function, but defects in T-cell regulation cannot be completely excluded as contributors to the suppression of humoral immunity. Both methylcholanthrene and BaP suppress cytotoxic T-cell activity in mice. Knowledge about the basic mechanisms by which these compounds cause immunosuppression remains incomplete, but the induction of cell transformation by reactive diol epoxides has been postulated as one possible mechanism (11) . Another mechanism for the immunosuppressive effects of PAHs might be the induction of aryl hydrocarbon hydroxylase (12) , which by inducing cytochrome P450 isoenzymes (13) (14) . We are, however, unaware of studies in individuals exposed to PAHs that describe immunosuppression or attempt to link damage to the immune system with carcinogenesis.
We studied 274 male workers employed at the iron foundry of Nowa Huta in Cracow, Poland. The study population consisted of two groups: 199 coke oven workers and 75 cold-rolling mill workers. Subjects were interviewed at enrollment using a standardized questionnaire to elicit occupational, diet, smoking, health and environmental histories. The two groups were similar with respect to age (average, 40 and 48 years, range 19-64 and 32-59 years), percentage of active smokers (71 and 79%), and time of employment (average, 14 and 19 years, range 1.5-35 and 2-39 years); values represent coke oven and cold-rolling mill workers, respectively. Fasting blood specimens were obtained at rest and IgG, IgA, IgM, and IgE were determined by nephelometry (Behring Co., Marburg, Germany).
In 54 workers, personal exposure monitoring was carried out 1 month before the study on 2 consecutive working days (8 hr). Air had been pumped through glassfiber filters, which were then weighed for total dust content; PAHs after extraction into organic solvents were analyzed by HPLC. We collected stationary samples from each of the major work areas on 2 separate days, and carried out dust and PAH analysis as above. There workers were also exposed to higher concentrations of airborne sulfur dioxide and carbon monoxide than cold-rolling mill workers (3.5-7.9 versus 0.8-2.0 mg/m3 and 3.0-19.5 versus 0.1-0.5 mg/in3, respectively).
Depression of IgG was the most striking finding in coke oven workers. Of coke oven workers, 21 .5% had serum IgG <1.000 mg/dl as compared to only 9% of cold-rolling mill workers (Fig. 1) Our results point to immunosuppression in men exposed chronically to PAHs. The exposure experienced by our subjects was a marked one. Such levels of exposure have been radically decreasing in the last few years (15) . Still, values of BaP similar to those recorded in our study were reported in a coke plant by other investigators over the last two decades (16) . At pitch batteries and at the roof of ovens, concentrations of BaP between 10 and 60 pg/mr3 were described, while at or near the bottom of the ovens levels rarely exceeded 5 pg/mi. Some categories of workers, such as wharfman or jamb cleaners, are more exposed than car operators or door cleaners. The length of exposure is not, therefore, the only risk factor. This might explain why we have not observed relationship between duration of employment at the coke plant and degree of immunosuppression. Another explanation might be difference in genetic susceptibility: accurate methods for assessment of genetic susceptibility are being developed and might soon be used to detect persons susceptible to environmental hazards (15, 17) .
It might be assumed that the major culprit for immunodefficiency here described was PAHs. Their immunotoxic effects have been well documented in experimental animals, but not yet in humans. The immunotoxic effects of PAHs could have been potentiated by chronic inhalation of SO2 and CO arising during the process of coal combustion. In experimental animals exposed for several months to SO2 and coal dust, significant immunosuppression is observed (18) . Finally, the majority of the subjects we studied were heavy smokers, and tobacco smoke leads to the formation of aromatic DNA-adducts in heart and lung tissue and also in blood lymphocytes (19) .
In our coke plant workers, biosynthesis of IgG and IgA was markedly depressed, wheras IgM showed a tendency to decrease, though this did not reach statistical significance. On the other hand, serum IgE had a trend toward increased values. Such a contrasting response of IgE as compared to other immunoglobulins was observed after ischemic injury in men (20) . A positive correlation between the total IgE concentration and both outdoor air pollution and active tobacco smoking have been reported (21) .
In summary, our study demonstrates that coke oven workers exposed chronically to complex mixture of air pollutants composed primarily of PAHs develop immunosuppression, which is characterized by depression of serum levels of IgG and IgA. It remains to be established whether the immunosuppresssion described here is related to the frequent development of lung cancer reported by other authors (1) (2) (3) (4) (5) in coke plant employees. Such a relationship might be deduced from Burkitt's theory of "immune surveillance," namely, that a defective immune system leads to an increased incidence of cancer. A practical conclusion of the study is that workers exposed chronically to PAHs should have serum immunoglobulins levels monitored regularly. 
